Abstract: Reestablishment of western snowberry (Symphoricarpos occidentalis Hook.) was attempted on surface mined land reclaimed to mixed grass prairie in western North Dakota. Undisturbed shrub patches were segregated and removed with tractor scrapers in 1989. These were directly replaced in two low drainage landscape sites, less than one hectare each, on reclaimed land. No seeding, herbicide spraying, or grazing was conducted on reclaimed sites. Stem counts and frequency were analyzed yearly. Regression correlations were calculated for average stems/0.25m 2 vs. April-July precipitation (r2 = 0.90), vs. OctoberJuly precipitation (r 2 = 0.97), and vs. age of reclaimed stand (r 2 = 0.58). Regression correlations were also calculated for frequency vs. April-July precipitation (r2 = 0.80), vs. October-July precipitation (r = 0.88), and vs. age of reclaimed stand (r 2 = 0.58). October-July precipitation had the greatest impact on stand establishment and success. Special consideration should be given to site location and moisture conditions when transplanting western snow berry. Bond liability period length should be based on moisture conditions, not age of the stand.
Introduction
Reclaimed native grasslands are being successfully established on thousands of acres of surface mined lands in the Northern Great Plains. In western North Dakota these reclaimed lands are dominated far more by a grass component than they were prior to mining. Forbs and shrubs are generally not planted, as they contribute little to the planned post-mining land use of grazing and haying. Western snowberry (Symphoricarpos occidentalis Hook.) is a minor component of undisturbed mixed grass prairies in western North Dakota, but is the most common low shrub. It is found in patches, normally less than a hectare in size, on broad flats and shallow depressional areas, but not in areas so wet they contain standing water. This project encompassed reestablishment of two small snowberry patches, each about 0.5 hectare, on reclaimed lands at a large surface coal mine.
Although snowberry, commonly called "buckbrush" (Stevens 1963) is not a major component on prairies, it has an important function. Stephens (1973) notes that this species provides good cover and nesting sites for small birds, and that a few birds eat its berries during the winter. It is browsed by big game (Thornburg 1982) . Other species of snowberry are important sheep forage in the Intermountain West (Ruyle et al 1983) .
Shrub reestablishment during reclamation of surface mines has taken many forms. Van Epps and McKell (1978) describe criteria for shrub establishment on reclaimed lands, and note that many species can be direct seeded, although a seed source may not be readily available. Bjugstad (1984) says that moisture is the limiting factor in shrub establishment in the Northern Great Plains. Amendola et al (1984) found that containerized seedlings had better survival than bare-root seedlings for shrubs planted on reclaimed mined lands in Montana. They also found that land treatments which improved moisture retention enhanced improve shrub seedling vigor. A liquid is mixed with seeds as they are planted (Booth 1984) . Macyk and Widtman (1987) found shrub survival was greater when there was no grass competition. They used shrub cuttings in the foothills/mountain region of Alberta, Canada. They also found that rooted cuttings survived better than cuttings placed directly in the ground. Kiger et al (1987) compared seeding, transplanting shrub seedlings, and transplanting mature shrubs at a mine in Colorado. A different species of snowberry (Symphoricarpos oreophilus) was included in the study. Large shrub pads were transplanted with a front-end loader.
Experience at the Freedom Mine has shown that many forbs and shrubs volunteer on reclaimed lands, especially when using native prairie soil directly respread, rather than stockpiled. A large volunteer component of trees and shrubs has been found on other reclaimed lands using topsoil from forested lands (Larson and Vimmerstedt 1988, Wade and Thompson 1990) . Van Epps and McKell (1978) state that rootsprouting shrub species often produce excellent stands, citing snowberry as a good example of a species with high root-sprout potential. Bailey et al (1990) found western snowberry to increase in stem density with heavy grazing in a Canadian study. Wasser (1982) recommends transplanting cuttings of snowberry, rather than seeding, and irrigating the revegetated site until shrubs are established.
Site Location
The Freedom Mine, located about 90 miles northwest of Bismarck, North Dakota, is owned and operated by The Coteau Properties Company, a subsidiary of the North American Coal Corporation. Lignite coal mining began in 1983, and current production is about 15.5 million short tons per year. From 150-300 hectares are mined and reclaimed annually. About 1,500 hectares have been reclaimed to date.
Earth moving for mining is accomplished with tractor-scrapers, bulldozers, a truck-shovel-fleet, and two 110 cubic yard class draglines. Spoils are regraded immediately behind active pits, and topsoil and subsoil are respread and seeded immediately after regrading. Reclaimed lands are currently being used for hay and grain production and livestock grazing.
The undisturbed landscape is characterized by mostly gently rolling and well-drained croplands used for dryland wheat production. About a third of the mine is composed of steeply sloping mixed grass native rangeland used for livestock grazing. Most grazed areas have soils too shallow and slopes too steep for farming.
Undisturbed native rangelands are dominated by blue grarna (Boutelouagracilis), western wheatgrass (Agropyron smithiz), green needlegrass (Stipa viridula), needle-and-thread (Stipa comata), upland sedges (Carex sp.) and prairie junegrass (Koeleria cristata). Forbs are common in all areas, although trees and shrubs are normally restricted to more mesic sites, such as drainageways. At the Freedom Mine, western snowberry comprises less than 1 % of pre-mine species composition. Many snowberry patches are trampled by livestock, and are not very dense.
Methods and Materials
Most topsoil is stripped using tractor-scrapers, and directly respread on reclaimed lands. About 5% is stockpiled for later resp read. During topsoil stripping in late summer 1989, a special effort was made to segregate patches of snowberry, and respread them in low reclaimed prairie sites. The shrub patches would not "roll" into the scraper pan as originally planned, but chunks of snowberry. sod, several square meters in sized, were saved and respread. These sod chunks made the two reclaimed patches very rough, and unsuitable for farm equipment. No seeding, spraying, rockpicking, or grazing was conducted at these sites.
Site monitoring began in 1990. Correlations of stem densities and frequencies were made with October-July precipitation, April-July precipitation, and age of the stand.
Sampling was conducted in August. A circular 0.25 m 2 plot was used for sampling. Stems were counted if they existed 2 cm above ground level. Rainfall records were maintained from rain gauges at the mine site.
Results
A large number of species invaded the patches, and by 1994 a diverse native species component had developed (Table 1) . Kochia (Kochia scoparia ), Russian thistle (Sa/so/a kah), and blue wild lettuce (Lactuca pulchella) dominated the patches the first year, and decreased in frequency over time. The best correlation was between the per cent of plots with > 10 stems and October-July precipitation (p < 0.05) (Tables 2 and 3 ). October-July precipitation correlated best with other stand establishment indicators, such as average stems/0.25 m 2 plot (p < 0.05), per cent of plots with zero stems, and species frequency. April-July precipitation was not as important. This may be because snowfall in the October-July period provides subsoil moisture important to growing shrubs. The age of the stand was not a strong factor in stand establishment. This is important, as the 10 year liability period imposed by surface mining laws assumes that stand establishment and permanence is related closely to the length of time the stand has existed. This study shows that, for western snowberry at least, precipitation should be considered a much more important factor than simply the age of the stand. This has implications in determining how long a surface mining bond should be tied up before bond release.
Reclaimed snowberry stands are establishing quite well. This is in large part due to record rainfalls received in the summer of 1994. Low areas collect more moisture, thus enhancing the effect of increased precipitation. Irrigation would be an important supplement to help stand establishment.
